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INFORMATION PROVISION DEVICE FOR
USE IN VEHICLE

TECHNICAL FIELD

The present invention relates to a technique of presenting
an unstable driving state to a driver.

BACKGROUND ART

In a driving support apparatus for a vehicle described in
Patent Document 1, a long-time traveling state distribution
corresponding to normal driving characteristics and a short-
time traveling state distribution corresponding to current
driving characteristics are calculated and an unstable driving
state is determined on the basis of the magnitude of a differ-
ence between the calculated two distributions. It is stated that
it is possible to accurately detect an unstable state regardless
of'a variation in traffic environment according to this method.

PRIOR ART DOCUMENT
Patent Document
Patent Document 1: JP 2009-9495 A
SUMMARY OF THE INVENTION
Problem to be Solved

However, in the technique disclosed in Patent Document 1,
when learning for acquiring a long-time traveling state dis-
tribution is not completed to such an extent that the normal
driving characteristics are regarded as being understood, i.e.,
when the normal driving characteristics are not understood,
the detection accuracy of a driver’s unstable driving state is
lowered.

The present invention is made in view of the above-men-
tioned circumstances and an object thereof is to present an
unstable driving state to a driver even when learning of nor-
mal driving characteristics is not completed.

Solution to the Problem

In order to achieve the above-mentioned object, according
to an aspect of the present invention, there is provided a first
driving instability determining unit for estimating driving
instability based on a difference between plural traveling state
distributions of different time ranges on the basis of acquired
traveling state data. According to an aspect of the present
invention, there is provided a second driving instability deter-
mining unit for estimating the driving instability on the basis
of the traveling state data through the use of a process differ-
ent from the estimation process of the first driving instability
determining unit. According to an aspect of the present inven-
tion, the instability estimated by the first driving instability
determining unit is selected when a predetermined learning
time elapses from the start of collection of the traveling state
data and it is determined that the learning is completed, and
the instability estimated by the second driving instability
determining unit when it is determined that the learning is not
completed. According to an aspect of the present invention,
instability information based on the selected instability is
presented to a driver.

Advantageous Effects of the Invention

According to an aspect of the present invention, it is pos-
sible to present an unstable driving state to a driver depending
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2

on the driving instability estimated by the second driving
instability determining unit even when the learning for
acquiring the traveling state distributions used by the first
driving instability determining unit is not completed to such
an extent that the normal driving characteristics are regarded
as being understood.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a configuration of a vehicle
according to embodiments of the present invention;

FIG. 2 is a diagram illustrating an example of a system
configuration according to a first embodiment to a fourth
embodiment of the present invention;

FIG. 3 is a diagram illustrating a process in an information
providing unit according to the first embodiment of the
present invention;

FIGS. 4A and 4B are diagrams+ illustrating an example of
information presented to a driver;

FIG. 5 is a diagram illustrating an example of calculating
relative entropy;

FIG. 6 is a diagram illustrating signs used to calculate
relative entropy;

FIG. 7 is a diagram illustrating a method of calculating a
past or long-time distribution and an immediately-previous
distribution based on steering angle prediction error data;

FIG. 8 is a diagram illustrating a method of calculating
relative entropy;

FIG. 9 is a diagram illustrating sections of a steering angle
prediction error;

FIG. 10 is a diagram illustrating a process in an information
providing unit, according to a second embodiment of the
present invention;

FIG. 11 is a diagram illustrating a process in an information
providing unit according to a third embodiment of the present
invention;

FIG. 12 is a diagram illustrating a process in an information
providing unit according to a fourth embodiment of the
present invention;

FIG. 13 is a diagram illustrating an example of a system
configuration according to a fifth embodiment of the present
invention;

FIG. 14 is a diagram illustrating a process in an information
providing unit according to the fifth embodiment of the
present invention;

FIG. 15 is a diagram illustrating an example of a system
configuration according to a sixth embodiment of the present
invention; and

FIG. 16 is a diagram illustrating a process in an information
providing unit according to the sixth embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS
First Embodiment

First, a first embodiment of the present invention will be
described with reference to the accompanying drawings.
(Configuration)

FIG. 1 is a diagram illustrating a configuration of a vehicle
having an information provision device for use in vehicle
according to this embodiment mounted thereon.

As shown in FIG. 1, a vehicle of this embodiment includes
an accelerator pedal opening degree sensor 1, a brake pedal
operation amount sensor 2, a steering angle sensor 3, a vehicle
velocity sensor 4, a blinker detecting sensor 5, a meter display
6, a navigation system 7, a G sensor 8, a vehicle ahead detect-
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ing device 9, and a controller 100. The vehicle to which the
present invention is applied does not have to include the
above-mentioned sensors and other overall equipment. The
sensors used in other embodiments are described together.

The accelerator pedal opening degree sensor 1 detects an
opening degree (instructed acceleration value) of an accelera-
tor pedal as an instructed acceleration value. The detected
opening degree is output to the controller 100.

The brake pedal operation amount sensor 2 detects an
operation amount (instructed braking value) of a brake pedal
as an instructed braking value. The detected operation
amount is output to the controller 100.

The steering angle sensor 3 is, for example, an angle sensor
attached to the vicinity of a steering column or a steering
wheel (not shown) and detects a steering angle subjected to a
driver’s steering operation based on rotation of a steering
shaft. The detected steering angle is output to the controller
100.

The vehicle velocity sensor 4 detects a vehicle velocity, for
example, by detecting the number of revolutions of a vehicle
wheel. The detected vehicle velocity is output to the control-
ler 100. The vehicle velocity sensor 4 may detect the vehicle
velocity on the basis of a signal to the meter display 6.

The blinker detecting sensor 5 detects a blinker state of a
blinker lever. The detected blinker state is output to the con-
troller 100.

The information presentation device outputs an alarm or
other presentations as a sound or an image in response to a
control signal from the controller 100. The information pre-
sentation device includes a speaker 10 that provides informa-
tion to a driver, for example, using a buzzer sound or a voice,
and a display unit that provides information through a display
of an image or texts. A display monitor of the navigation
system 7 may be used in common as the display unit.

The navigation system 7 includes a GPS receiver, a map
database, and a display monitor and is a system that performs
route search, route guidance, and the like. The navigation
system 7 is capable of acquiring information on such as a type
of'aroad on which the vehicle travels or a width of the road on
the basis of the current position of the vehicle acquired from
the GPS receiver and road information stored in the map
database.

The G sensor 8 detects a longitudinal acceleration or a
transverse acceleration generated in the vehicle. The detected
acceleration is output to the controller 100.

The vehicle ahead detecting device 9 detects other vehicles
and other objects present on the front side in the traveling
direction of'the vehicle. In this embodiment, the distance to an
object is detected. The vehicle ahead detecting device 9
includes, for example, a laser distance meter. The detected
distance is output to the controller 100 as information for
calculating an inter-vehicle distance, an inter-vehicle time, a
relative velocity, and the like.

The controller 100 is an electronic control unit including a
CPU and CPU peripheral components such as a ROM and a
RAM, and includes an information providing unit 100A that
performs an information provision control process. The infor-
mation providing unit 100A of the controller 100 analyzes
driving characteristics of a driver on the basis of the signals
detected by the accelerator pedal opening degree sensor 1, the
brake pedal operation amount sensor 2, the steering angle
sensor 3, and the like and determines a degree of driving
instability such as a disorder of a driver’s driving operation.
The information providing unit 100A presents an alarm or
other information to the driver depending on the degree of
driving instability to attract the driver’s attention.
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FIG. 2 is a diagram illustrating an example of a system
configuration of an information provision device for use in a
vehicle including the information providing unit 100A
according to this embodiment.

The information provision device for use in a vehicle
according to this embodiment uses information from the
steering angle sensor 3 as traveling state data, as shown in
FIG. 2. A visual information presenting device and an audi-
tory information presenting device are exemplified as an
information presenting device. The visual information pre-
senting device is, for example, the meter display 6 or the
display unit of the navigation system 7. The auditory infor-
mation presenting device is, for example, the speaker 10.

The timer 50 is used to acquire a traveling time from the
start of collection of the traveling state data.

The same configuration as in the system configuration
shown in FIG. 2 is employed by systems according to a
second embodiment to a fourth embodiment to be described
later.

The process of the information providing unit 100A will be
described with reference to FIG. 3. The process of the infor-
mation providing unit 100A is performed in a predetermined
control cycle (for example, 100 msec).

First, in step S1010, the information providing unit 100A
acquires the following data as vehicle information data. That
is, the information providing unit 100A acquires a steering
angle as the traveling state data from the steering angle sensor
3.

In step S1030, the information providing unit 100A deter-
mines a learning situation. In this embodiment, the traveling
time from the start of collection of data is used to determine
the learning situation. A degree of learning SD may be cal-
culated using the number of data pieces collected.

Specifically, in step S1030, the information providing unit
100A calculates the degree of learning SD on the basis of the
following expression.

Degree of learning SD=traveling time (s)/(time rangex
coefficient)
Traveling time: time after traveling
Time range: time range (for example, 2000 seconds) of a
traveling state distribution
Coefficient: coefficient (for example, 5) associated with a
convergence time

The value of (time rangexcoefficient) corresponds to a
predetermined learning time.

The traveling time is acquired from the timer 50.

In step S1030, the information providing unit 100A then
determines a learning situation from the calculated degree of
learning SD.

In this embodiment, when the degree of learning SD is
equal to or more than “17, it is determined that the learning
situation is a learning-completed situation. On the other hand,
when the degree of learning SD is less than “17, it is deter-
mined that the learning situation is a learning-uncompleted
situation.

In step S1040, the information providing unit 100A deter-
mines an instability calculating method on the basis of the
learning situation determined in step S1030. Specifically, the
information providing unit 100 A performs the process of step
S1050 when it is determined that the learning situation is a
learning-completed situation (the degree of learning SD=1).
On the other hand, the information providing unit 100A per-
forms the process of step S1070 when it is determined that the
learning situation is a learning-uncompleted situation (the
degree of learning SD<1).
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When it is determined that the learning is completed and
the process progresses to step S1050, the information provid-
ing unit 100A calculates plural driving traveling state distri-
butions using a steering entropy method and calculates a
difference value (relative entropy) between the distributions.
Thereafter, the process progresses to step S1060.

Specifically, in step S1050, the information providing unit
100A calculates the difference value for determining how the
driver’s current driving operation is different from the normal
driving operation, i.e., whether the current driving operation
is unstable in comparison with the normal driving operation,
on the basis of the steering angle when the driver performs a
steering operation. That is, in step S1050, relative entropy
(feature amount, instability) is calculated as a value indicat-
ing a disorder that is an unsmooth driving operation. In gen-
eral, in a state where a driver does not pay attention to the
driving operation, the time in which the steering is not per-
formed is longer than that of the normal driving operation in
which the driver pays attention to the driving, and thus a large
steering angle error is accumulated. Therefore, the corrected
steering amount when the driver pays attention to the driving
again increases. In this embodiment, the relative entropy RHp
is calculated using this characteristic. Specifically, a steering
error distribution (traveling state distribution) accumulated in
the past or for along time previous to the current and a driver’s
steering error distribution (traveling state distribution) in the
current time acquired for a short time, i.e., plural traveling
state distributions of different time ranges, are calculated.
With the steering error distribution for a long time which is
considered as the normal driving characteristics as a compari-
son reference, the relative entropy RHp is calculated based on
the long-time steering error distribution and the current short-
time steering error distribution.

Here, the relative entropy RHp is a physical quantity indi-
cating a difference value (distance) between the two steering
error distributions and represents the degree of difference
between the two steering error distributions, i.e., by what the
two steering error distributions depart from each other. The
stability of the current immediately-previous traveling state
relative to the past long-time traveling state (normal driving
characteristics) can be evaluated using the calculated value of
relative entropy.

An example of calculating the steering error distribution
accumulated for a long time, the driver’s current steering
error distribution acquired for a short time, and the difference
value (relative entropy) between the distributions will be
described later.

In step S1060, the information providing unit 100 A deter-
mines an unstable driving state on the basis of the difference
value.

In step S1060 of this embodiment, the difference value
calculated in step S1050 is compared with a predetermined
threshold value for determination. When the difference value
is larger than the threshold value for determination, it is
determined that the driving state is unstable. Thereafter, the
process progresses to step S1100.

On the other hand, when it is determined in step S1040 that
the learning is not completed, the process progresses to step
S1070.

In step S1070, the information providing unit 100A calcu-
lates a current feature amount (absolute entropy) using the
current steering error distribution of the shorter time range.
Thereafter, the process progresses to step S1080. The abso-
lute entropy is an expected value appearing in the subject
traveling state distribution.

In step S1080, the information providing unit 100A reads
the past driving feature amount. The past driving feature
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amount is the final value (absolute entropy) at the time of
traveling in the past. Thereafter, the process progresses to step
$1090.

In step S1090, the information providing unit 100A com-
pares the current feature amount Hp_current calculated in
step S1070 with the reference feature amount obtained by
multiplying the past driving feature amount Hp_old read in
step S1080 by a coefficient k, as expressed in the following
expression. When the current feature amount Hp_current is
larger than the reference feature amount (Hp_old*k), it is
determined that the traveling state is unstable. Thereafter, the
process progresses to step S1100.

Hp_current/(Hp_old*k)>1

Here, the coefficient k is set to, for example, 1.5.

In step S1100, the information providing unit 100A per-
forms an information presenting process when it is deter-
mined in step S1060 or step S1090 that the traveling state is
unstable.

An example of information to be presented is shown in
FIGS. 4A and 45. That is, when the degree of learning SD is
equal to or more than “1” and it is determined that the trav-
eling state is unstable, the information presenting device dis-
plays a warning as shown in FIG. 4A and presents a warning
voice such as “Driving is disturbed. Please drive with atten-
tion!”.

On the other hand, when the degree of learning SD is less
than “1” and it is determined that the traveling state is
unstable, the estimation accuracy may be low and thus the
information presenting device presents a warning voice in a
kind of gentle expression such as “How are your condition?
Please, continuously drive safely!”.

In this way, the information to be provided is changed
depending on the degree of learning SD.

In step S1110, the current feature amount (absolute
entropy) is stored. The current feature amount (the feature
amount calculated in step S1070) is stored for comparison in
the next trip (traveling).

Thereafter, the process is terminated and returns.

An example of a process of calculating the steering error
distribution (traveling state distribution) accumulated for a
long time, the driver’s current steering error distribution
(traveling state distribution) acquired for a short time, and the
difference value (relative entropy) between the distributions
will be described with reference to FIG. 5.

Details of this process are continuously performed at a
constant interval, for example, every 50 msec.

In step S10, a traveling scene of the vehicle is estimated
(detected) to determine whether the traveling scene is a trav-
eling scene in which the relative entropy RHp is calculable.
Here, when a vehicle velocity V lies within a predetermined
vehicle velocity range (for example, 40 km/h to 120 km/h), it
is determined that the traveling scene is a traveling scene in
which the relative entropy RHp is calculable. That is, a case
where the vehicle velocity is extremely slow and a case where
the vehicle velocity is extremely fast are excluded from the
calculable traveling scene so as to effectively calculate the
relative entropy RHp using a steering angle signal.

In step S20, it is determined whether the current vehicle
velocity V detected by the vehicle velocity sensor 4 lies
within a predetermined vehicle velocity range. When it is
determined that the vehicle velocity V lies within the prede-
termined vehicle velocity range and the traveling scene is a
traveling scene in which the relative entropy RHp is calcu-
lable, the process progresses to step S30 so as to calculate the
relative entropy RHp. On the other hand, when it is deter-
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mined that the vehicle velocity V does not lie within the
predetermined range, the process is terminated.

Instep S30, a current steering angle signal 6 detected by the
steering angle sensor is read as a driver’s driving operation
amount to be detected to detect the driver’s unstable driving
state. In step S31, a steering angle prediction error fe is
calculated based on the read value of the steering angle signal
0.

Here, special signs and names thereof used to calculate the
relative entropy RHp are shown in FIG. 6. A smoothed steer-
ing angle value On-tilde is a steering angle from which the
influence of quantization noise is reduced. An estimated
steering angle value On-hat is a value obtained by estimating
the steering angle at the time of sampling on the assumption
that the steering is smoothly carried out. As expressed by
Expression 1, the estimated steering angle value On-hat is
acquired by performing a second-order Taylor expansion pro-
cess on the smoothed steering angle value 6n-tilde.

“Math 17

PO Bpet —Oyn (Expression 1)
Op = Op 1+l — )| ———— |+
Iy —Ip2

(tn — [nfl)(enfl 0,2 B Bp2— 9;173]

2 [ A

In Expression 1, to represents the sampling time of the
steering angle On.

The smoothed steering angle value On-tilde is calculated as
an average value of three neighboring steering angles 0n in
accordance with Expression 2 so as to reduce the influence of
quantization noise.

“Math 2”

(Expression 2)

_ 1<
Ont = 5; Ot +1

In Expression 2, 1 represents the number of samples of the
steering angles On included in 150 msec when the calculation
time interval of the smoothed steering angle value On-tilde is
set to 150 msec, i.e., the minimum time interval which a
human being can intermittently manipulate in a manual
operation.

When the sampling interval of the steering angle 6n is
defined as T's, the number of samples 1 is expressed by Expres-
sion 3.

I=round(0.15/75s) (Expression 3)

In Expression 2, k has values of 1, 2, and 3, and the
smoothed value On-tilde can be calculated using (k*1) on the
basis of three steering angles 6n as sum of the steering angles
at the intervals of 150 msec and neighboring steering angles
adjacent thereto. Therefore, the estimated value On-hat cal-
culated on the basis of the smoothed value On-tilde is sub-
stantially calculated based on the steering angle 6 obtained at
the intervals of 150 msec.

The steering angle prediction error 6e at the time of sam-
pling can be calculated by Expression 4 as a difference
between the estimated steering angle value 6n-hat when it is
assumed that the steering operation is smoothly carried out
and an actual steering angle value On.

“Math 3”

03::0,,—(:),, (Expression 4)

8

Here, the steering angle prediction error Oe is calculated for
the steering angle 6n every the minimum time interval, i.e.,
150 msec, which a human being can intermittently manipu-
late.

5 A specific method of calculating the steering angle predic-
tion error Be will be described below. The sampling interval
Ts of the steering angle signal 0 is set to, for example, 50
msec. First, three smoothed steering angle values On-tilde are
calculated in accordance with Expression 2 using three neigh-
boring steering angles On with an interval of 150 msec. The
three smoothed steering angle values On-tilde are expressed
by Expression 5.

15 “Math 4”

. 1 (Expression 5)
01 = 5( Opgq +0p 3+ 6, 2).

. 1
20 On2 = 5( On-7 + O + Op3).

. 1
O3 = 5( On-10 + 09 + Og).

The estimated steering angle values On-hat are calculated
in accordance with Expression 1 using the calculated three
smoothed steering angle values On-tilde. The estimated val-
ues On-hat are expressed by Expression 6.

30 “Math 5”

(Expression 6)

9,1 = ~n,1 +Ts-

By =8, Ts(énfl =82 B2-0,3 ]
Ts * 2 Ts - Ts

35
1 ~ -

=0+ By —Bpa) + z[(énfl =8 )— (B2 — B3 )}

The steering prediction error Oe is calculated in accordance
with Expression 4 using the calculated estimated steering
angle values On-hat and the actual steering angle 6n.

In step S40, data of the steering angle prediction error e
for a predetermined time of T seconds which is calculated up
to now and stored in the memory of the controller 100 is
updated by adding the current value of the steering angle
prediction error Oe calculated in step S31 thereto. That is, the
earilest data before T seconds out of the accumulated data of
the steering angle prediction error fe is deleted and the cur-
rent value calculated in step S31 is input instead as the latest
data of the steering angle prediction error 6e. Accordingly, the
data of the steering angle prediction error 8e before T seconds
from the current value is accumulated. The predetermined
time T is set to, for example, T=3600 seconds (=1 hour) so as
to accumulate long-period data sufficient to calculate a long-
time error distribution which is a comparison reference for
determining the unstable state of the current driving opera-
tion.

In step S50, past or long-time steering angle prediction
error distribution 1 is calculated which serves as the compari-
son reference of the steering angle prediction error distribu-
tion. Here, as shown in FIG. 7, the past steering angle predic-
tion error distribution is calculated, for example, using data of
180 seconds based on the data before T seconds. Specifically,
the accumulated past steering angle prediction error fe is
classified into nine prediction error sections b1 to b9 and the
probability pi (=pl to p9) of the frequency of the steering
angle prediction error Be included in each section bi with
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respect to the total frequency is calculated. The calculated
past distribution is used as the comparison reference of the
steering angle prediction error distribution. The range of the
prediction error section bi is set in advance so as to be constant
in all the sections b1 to b9.

When the long-time steering angle prediction error distri-
bution is calculated, all data of 3600 seconds from before T
seconds to the current time are used. Specifically, the accu-
mulated long-time steering angle prediction error fe is clas-
sified into nine prediction error sections bl to b9 and the
probability pi (=pl to p9) of the frequency of the steering
angle prediction error Be included in each section bi with
respect to the total frequency is calculated. The calculated
past distribution (or long-time distribution) is used as a Past
(or long-time) steering angle prediction error distribution 1
serving as the comparison reference.

In step S51, a current steering angle prediction error dis-
tribution 2 is calculated. Here, as shown in FIG. 7, the current
steering angle prediction error distribution 2 is calculated
using immediately-previous data of 180 seconds from the
current time. Specifically, the data of the steering angle pre-
diction error Be of immediately-previous 180 seconds is clas-
sified into nine prediction error sections bl to b9 and the
probability qi (=ql to q9) of the frequency of the steering
angle prediction error Be included in each section bi with
respect to the total frequency is calculated.

In step S70, the relative entropy RHp is calculated using
past (or long-time) steering angle prediction error distribution
1 and current steering angle prediction error distribution 2. As
shown in FIG. 8, the relative entropy RHp is a difference
value (distance) between current steering angle prediction
error distribution 2 and past (or long-time) steering angle
prediction error distribution 1 as the comparison reference.
The relative entropy RHp can be calculated using Expression
7.

“Math 6”

RHp = Z .10&% (Expression 7)

i

The relative entropy RHp becomes RHp=0 when the prob-
ability pi of the past (or long-time) steering angle prediction
error distribution 1 and the probability qi of the current steer-
ing angle prediction error distribution 2 are equal to each
other, and the value of RHp increases when the probabilities
pi and qi are more different from each other.

Then, this process is terminated. The above-mentioned
process is performed repeatedly.

The range of the prediction error section bi for calculating
the past (or long-time) steering angle prediction error distri-
bution 1 and the current steering angle prediction error dis-
tribution 2 may be set on the basis of an o value used to
calculate steering entropy Hp indicating ambiguity (uncer-
tainty) of the steering error distribution. Here, the a value is
calculated as a 90 percentile (a range of distribution including
90% of the steering error) by calculating the steering error
within a constant time, i.e., the difference between the esti-
mated steering angle value and the actual steering angle when
it is assumed that the steering operation is smoothly carried
out, on the basis of time-series data of the steering angle and
measuring a distribution (deviation) of the steering error.

Therefore, the T value is calculated on the basis of the past
(or long-time) steering angle prediction error distribution and
the same range of the prediction error sections bi is set for past
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(or long-time) steering angle prediction error distribution 1
and current steering angle prediction error distribution 2
using the calculated a value. FIG. 9 shows the ranges of the
steering angle prediction error e of the sections bi set using
the o value.

(Operation and the Other)

When a learning situation can be considered as a learning-
completed situation (that the normal driving characteristics of
a driver can be acquired) on the basis of the traveling time
after collection of data starts, the information provision
device for use in a vehicle calculates instability using a steer-
ing entropy method through the use of processes of steps
S$1050 and S1060.

At this time, the information provision device for use in a
vehicle calculates the difference value between plural travel-
ing state distributions calculated and determines the unstable
driving state on the basis of the magnitude of the difference
value. Accordingly, it is possible to accurately detect an
unstable traveling state regardless of a variation in traffic
environment. That is, it is possible to accurately detect an
unstable state depending on the normal characteristics of a
driver regardless of a variation in traffic environment.

At this time, the information provision device for use in a
vehicle calculates plural traveling state distributions of dif-
ferent time ranges as plural traveling state distributions. For
example, the information provision device foruse in a vehicle
calculates a traveling state distribution including past travel-
ing state data and a traveling state distribution including
immediately-previous traveling state data, and directly calcu-
lates the difference of the immediately-previous traveling
state distribution on the basis of the past traveling state dis-
tribution. As a result, it is possible to evaluate stability of an
immediately-previous state while continuously updating ref-
erence data. In this way, it is possible to accurately detect an
unstable traveling state regardless of a variation in traffic
environment.

On the other hand, when it is determined that the learning
situation is a learning-uncompleted situation (SD<1), the
information provision device for use in a vehicle compares
the past traveling data with the magnitude of the single trav-
eling state distribution which is the traveling state distribution
of'the immediately-previous time range indicating the current
traveling state and determines an unstable driving state (steps
S1070 to S1090). That is, by using a different instability
calculating process at the time of incompletion of learning, it
is possible to attract attention even when the traveling state
distribution of a driver is not known.

In the above-mentioned embodiment, the degree of learn-
ing SD is calculated using the traveling time, it is estimated
whether it can be estimated that the traveling state distribution
is matched with the driving characteristics of a driver on the
basis of the degree of learning SD, and it is thus determined
whether the learning is completed. The degree of learning SD
used to estimate that the traveling state distribution is
matched with the driving characteristics of a driver may be
calculated based on a variation in the relative entropy which is
a feature amount of the traveling state distribution. For
example, when the variation in the feature amount of the
long-time traveling state distribution is equal to or less than a
predetermined value, a value indicating the completion of
learning is set as the degree of learning SD.

Here, step S1010 constitutes the traveling state acquiring
unit. Step S1050 constitutes the first traveling state distribu-
tion calculating unit and the first driving instability determin-
ing unit. Step S1030 constitutes the learning terminal deter-
mining unit. Steps S1070 and S1080 constitute the second
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driving instability determining unit. Step S1040 constitutes
the instability selecting unit. Step S1100 constitutes the infor-
mation presenting unit.

(Advantages of this Embodiment)

(1) The traveling state acquiring unit acquires traveling
state data including at least one of a driving operation of a
driver and a vehicle state. The first traveling state distribution
calculating unit calculates plural traveling state distributions
of different time ranges on the basis of the traveling state data
acquired by the traveling state acquiring unit. The first driving
instability determining unit estimates driving instability on
the basis of a difference value between plural traveling state
distributions calculated by the first traveling state distribution
calculation unit. The learning completion determining unit
determines that learning is completed when a predetermined
learning time elapses from the start of collection of the trav-
eling state data, on the basis of the degree of learning SD
which is a degree at which the traveling state distribution
calculated by the first traveling state distribution calculating
unit is matched with the driving characteristics of a driver.
The degree of learning SD is calculated as a degree at which
the traveling state distribution calculated by the first traveling
state distribution calculating unit is matched with the driving
characteristics of a driver. The second driving instability
determining unit estimates driving instability by comparing a
comparative traveling state distribution acquired on the basis
of another traveling state data different from the traveling
state data of the immediately-previous time range, with the
traveling state distribution of the immediately-previous time
range, which indicates the current traveling state and calcu-
lated on the basis of the traveling state data acquired by the
traveling state acquiring unit. The instability selecting unit
selects the instability estimated by the first driving instability
determining unit when the learning is completed and selects
the instability estimated by the second driving instability
determining unit when the learning is completed, on the basis
of the determination result of the learning completion deter-
mining unit. The information presenting unit presents insta-
bility information based on the instability selected by the
instability selecting unit to the driver.

By employing a different instability calculating unit at the
time of incompletion of learning, it is possible to attract
attention even when the traveling state distribution of a driver
is not known.

(2) The another traveling state data is traveling state data
acquired prior to the immediately-previous time range. The
second driving instability determining unit compares the
comparative traveling state distribution with the traveling
state distribution of the immediately-previous time range by
the use of a ratio of a feature amount of the traveling state
distribution of the immediately-previous time range and a
reference feature amount, which is a value obtained by mul-
tiplying a feature amount of the traveling state distribution
acquired from the another traveling state data by a predeter-
mined coefficient, and estimates the driving instability.

By calculating the reference feature amount by multiplying
the feature amount of the traveling state distribution calcu-
lated from the different traveling data by the predetermined
coefficient, it is possible to improve the estimation accuracy
of the driving instability through the correction using the
coefficient even when the learning is not completed.

(3) The second driving instability determining unit esti-
mates the driving instability on the basis of at least one of
information of the traveling state data acquired by the travel-
ing state acquiring unit and driving scene information of the
vehicle.
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By using the vehicle behavior data, other traveling state
data, and the determination result of a driving scene, it is
possible to accurately detect a driver’s driving state.

(4) The second driving instability determining unit esti-
mates the driving instability using one of the traveling state
distributions calculated on the basis of the traveling state data
acquired by the traveling state acquiring unit.

By using the traveling state distribution of a driver, it is
possible to enable a statistical process and thus to improve
accuracy.

(5) When the instability selecting unit selects the instability
estimated by the second driving instability determining unit
and the instability estimated by the second driving instability
determining unit is greater than a predetermined threshold
value for determination, it is determined that the driving state
is unstable.

Accordingly, it is possible to simply determine the unstable
driving state.

(6) The threshold value for determination is set on the basis
of data of a past traveling history.

By using the past traveling history, it is possible to improve
the detection accuracy.

(7) The second driving instability determining unit
includes a history storage unit that stores the data of the past
traveling history and determines the unstable state with ref-
erence to the tendency of'the past history stored in the history
storage unit.

The determination using the past history improves the
detection performance.

(8) The learning completion determining unit determines
the degree of learning SD using the traveling time.

By determining the learning situation using the traveling
time, it is possible to reduce erroneous determination of the
completion of learning.

(9) The learning completion determining unit determines
the completion of learning using the variation in the feature
amount of a single traveling state distribution.

By determining the learning situation based on the varia-
tion in the feature amount of the traveling state distribution, it
is possible to determine the completion of learning promptly.

(10) The traveling state distribution is calculated based on
the operation amount of a steering operation.

By detecting the traveling state distribution based on the
steering operation requiring a continuous operation, it is pos-
sible to accurately detect the driving state.

(11) A steering entropy method is used to calculate the
traveling state distribution based on the operation amount of
the steering operation.

By using the steering entropy method, it is possible to
improve the detection performance.

(12) The information presenting unit changes the instabil-
ity information to be presented depending on the learning
completion result determined by the learning completion
determining unit.

By changing the information to be presented depending on
the determination result of the completion of learning, it is
possible to improve the acceptability of a driver.

Second Embodiment

A second embodiment will be described below with refer-
ence to the accompanying drawings. The same elements as in
the first embodiment will be referenced by the same reference
signs.

The basic configuration of this embodiment is the same as
in the first embodiment. Both are different from each other, in
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the different instability calculating process performed when
the learning situation is determined to be a learning uncom-
pleted situation.

In this embodiment, the different instability calculating
process is performed by comparing the magnitude of a single
traveling state distribution with a value calculated based on
distributions of general drivers and determining whether the
driving state is unstable.

The process in an information providing unit 100A accord-
ing to this embodiment will be described below with refer-
ence to the flow chart of FIG. 10.

Here, the processes of steps S2010to S2070 are the same as
the processes of steps S1010 to S1070 in the first embodi-
ment. The processes of steps S2100 and S2110 are the same
as the processes of steps S1100 and S1110. Accordingly, such
processes will not be described again.

The process of step S2080 will be described below.

In step S2080 in this embodiment, the information provid-
ing unit 100A reads feature amounts of general drivers stored
in advance in a storage unit.

The feature amounts of general drivers are values obtained
by performing a statistical process (for example, averaging)
on the feature amounts acquired from plural drivers in
advance. The feature amounts of the general drivers may be
appropriately updated through wireless communications or
the like. The feature amounts acquired from the drivers are
calculated from the traveling state data acquired from the
drivers.

The other processes are the same as in the first embodi-
ment.

Here, step S2010 constitutes the traveling state acquiring
unit. Step S2050 constitutes the first traveling state distribu-
tion calculating unit and the first driving instability determin-
ing unit. Step S2030 constitutes the learning terminal deter-
mining unit. Steps S2070 and S2080 constitute the second
driving instability determining unit. Step S2040 constitutes
the instability selecting unit. Step S2100 constitutes the infor-
mation presenting unit.

(Operational Advantages)

In this embodiment, the following advantages can be
obtained in addition to the advantages described in the first
embodiment.

(1) The another traveling state data used in the second
driving instability determining unit is traveling state data
acquired in advance from plural drivers. The threshold value
for determination is acquired from the characteristics of the
traveling state distributions acquired from the plural drivers.

By using the distributions serving as a reference of general
drivers, it is possible to clarify the unstable state of a driver
and thus to improve the detection performance.

Third Embodiment

A third embodiment will be described below with refer-
ence to the accompanying drawings. The same elements as in
the first embodiment will be referenced by the same reference
signs.

The basic configuration of this embodiment is the same as
in the first embodiment. In the third embodiment, the different
process of calculating a degree of instability when the learn-
ing situation is determined to be a learning-uncompleted situ-
ation is performed on the basis of the history of the feature
amount of a single distribution acquired based on the travel-
ing state of the immediately-previous time range.

The process in an information providing unit 100A accord-
ing to this embodiment will be described below with refer-
ence to the flow chart of FIG. 11.
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The processes of steps S3010 to S3070 are the same as the
processes of steps S1010 to S1070 in the first embodiment.
The process of steps S3100 is the same as the process of steps
S1100. Accordingly, such processes will not be described
again. Since it is not necessary to store the feature amount in
this embodiment, the process of step S1110 is not performed.

The processes of steps S3080 and S3090 in this embodi-
ment will be described below.

In step S3080 of this embodiment, the information provid-
ing unit 100A stores several to ten pieces of instability calcu-
lated in step S3070 at constant intervals and calculates a
deviation, a variation, and an absolute value so as to deter-
mine the tendency thereof.

The deviation is a deviation (standard deviation) of the past
instability.

The variation is based on the comparison of the earliest
instability with the latest instability.

The absolute value is an absolute value of the latest insta-
bility.

In step S3090, the information providing unit 100A deter-
mines the past history data calculated in step S3080.

For example, when the above-mentioned three items (de-
viation, variation, and absolute value) satisfy the conditions
of a large deviation, a great variation, and a large absolute
value, it is determined that the driving state is unstable. When
some conditions of the three items satisfy the conditions, for
example, when any one condition is satisfied, it may be deter-
mined that the driving state is unstable.

Here, when the deviation is larger than a predetermined
threshold value for deviation, it is determined that the devia-
tion is large. When the absolute value of the variation is larger
than a predetermined threshold value for variation, it is deter-
mined that the variation is greater. When the absolute value is
larger than a predetermined threshold value for absolute
value, it is determined that the absolute value is large.

The other processes are the same as in the first embodi-
ment.

Here, step S3010 constitutes the traveling state acquiring
unit. Step S3050 constitutes the first traveling state distribu-
tion calculating unit and the first driving instability determin-
ing unit. Step S3030 constitutes the learning terminal deter-
mining unit. Steps S3070 and S3080 constitute the second
driving instability determining unit. Step S3040 constitutes
the instability selecting unit. Step S3100 constitutes the infor-
mation presenting unit.

(Operational Advantages)

As described above, in this embodiment, the feature
amount (entropy) of a single traveling state distribution is
appropriately stored and the unstable driving is determined on
the basis of the tendency (the variation and the absolute value)
thereof.

In this embodiment, the following advantages can be
obtained in addition to the advantages described in the first
embodiment.

(1) The second driving instability determining unit calcu-
lates the feature amount of the traveling state distribution of
the immediately-previous time range indicating the current
traveling state based on the traveling state data acquired by
the traveling state acquiring unit, and estimates the degree of
instability of the driving on the basis of the calculated feature
amount.

By using the feature amount of the traveling state distribu-
tion of a driver, it is possible to perform a statistical process
and thus to improve the accuracy.

(2) The second driving instability determining unit calcu-
lates the tendency of the feature amount on the basis of the
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history of the feature amount acquired every constant inter-
val, and estimates the degree of driving instability on the basis
of the calculated tendency.

According to this configuration, by using the tendency of
the feature amount, it is possible to determine unstable driv-
ing without using the traveling state distribution of a long-
time time range.

Fourth Embodiment

A fourth embodiment will be described below with refer-
ence to the accompanying drawings. The same elements as in
the first embodiment will be referenced by the same reference
signs.

The basic configuration of this embodiment is the same as
in the first embodiment. In the fourth embodiment, the dif-
ferent process of calculating a degree of instability when the
learning situation is determined to be a learning-uncompleted
situation is performed on the basis of the relative entropy
values of different time ranges.

The process in an information providing unit 100A accord-
ing to this embodiment will be described below with refer-
ence to the flow chart of FIG. 12.

The processes of steps S4010 to S4060 are the same as the
processes of steps S1010 to S1060 in the first embodiment.
The process of steps S4100 is the same as the process of steps
S1100. Accordingly, such processes will not be described
again. Since it is not necessary to store the feature amount in
this embodiment, the process of step S1110 is not performed.

The processes of steps S4070 and S4090 will be described
below.

In step S4030, the learning situation is determined as
described above.

The learning situation is determined using the traveling
time as described above. The degree of learning SD is calcu-
lated, for example, using the following expression.

Degree of learning SD-traveling time (s)/(time rangex
coefficient)
Traveling time: time after traveling
Time range: time range (for example, 2000 seconds) of a
traveling state distribution
Coefficient: coefficient (for example, 5) associated with a
convergence time

In step S4070, the information providing unit 100A sets the
time ranges in which two steering error distributions (travel-
ing state distributions) are calculated depending on the degree
of'learning SD calculated in step S4030. In this embodiment,
the two traveling state distributions include a long traveling
time distribution and a short traveling time distribution. The
time range of the long traveling time distribution is set to the
time range based on the degree of learning SD as described
below. The short traveling state distribution is calculated as
described above.

Time range of long-time traveling time
distribution=degree of learning SDxlearning
coefficient

Degree of learning: value (0 to 1) calculated in step S4030
Learning coefficient: learning time or a value obtained by
multiplying the learning time by a predetermined coefficient
(<D).

The learning coefficient is obtained, for example, by mul-
tiplying the learning time (traveling time) by a predetermined
constant of 1 or less.

In step S4080, the information providing unit 100A calcu-
lates a second distribution difference. The calculation is per-
formed in the same ways as in step S4050 (step S1050). Here,
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the time range thereof is different from that of the traveling
state distribution for calculating a first distribution difference.
The time range of the second traveling state distribution is
narrower than the time ranges of the first traveling state dis-
tribution.

When the time ranges of the first traveling state distribution
are set to Tw_s1 and Tw_11 and the time ranges of the second
first traveling state distribution are set to Tw_s2 and Tw_12,
these values are set as follows, for example.

Tw_s1: 60 (s)
Tw_11: 2000 (s)
Tw_s2: 20 (s)
Tw_12: 600 (s)

In step S4080, the information providing unit 100A pre-
pares two traveling state distributions and calculates the dif-
ference therebetween, on the basis thereon.

In step S4090, the information providing unit 100A deter-
mines the unstable driving state on the basis of the difference
(feature amount) calculated in step S4080. In step S4090 of
this embodiment, the information providing unit 100A com-
pares the difference calculated in step S4080 with a predeter-
mined threshold value for determination. Then, the informa-
tion providing unit 100A determines that the driving state is
unstable when the difference is larger than the threshold value
for determination. Thereafter, the process progresses to step
S4100.

Here, step S4010 constitutes the traveling state acquiring
unit. Step S4050 constitutes the first traveling state distribu-
tion calculating unit and the first driving instability determin-
ing unit. Step S4030 constitutes the learning terminal deter-
mining unit. Steps S4070 to S4090 constitute the second
driving instability determining unit. Step S4070 constitutes
the second traveling state distribution calculating unit and the
second driving instability determining unit. Step S4040 con-
stitutes the instability selecting unit. Step S4100 constitutes
the information presenting unit.

(Operational Advantages)

In this embodiment, when the learning situation is deter-
mined to be a learning-uncompleted situation, the informa-
tion providing unit 100A calculates two relative entropy val-
ues of different time ranges and changes the time range of one
relative entropy value depending on the learning situation.

In this embodiment, the following advantages can be
obtained in addition to the advantages of the first embodi-
ment.

(1) The another traveling state data used in the second
driving instability determining unit are traveling state data
acquired in another time range different from the immedi-
ately-previous time range. The another time range is changed
depending on the degree of learning as a ratio of the time
elapsing from the start of collection of the traveling state data
up to now to the learning time, and the another time range
increases with an increase in the degree of learning.

By causing such another time range to increase as it gets
closer to the completion of learning, it is possible to further
smoothly change the information to be presented to a driver
when the incompletion of learning is transitioned to the
completion of learning. For example, it is possible to further
smoothly change the attraction of attention when the
incompletion of learning is transitioned to the completion of
learning.

Fifth Embodiment

A fifth embodiment will be described below with reference
to the accompanying drawings. The same elements as in the
first embodiment will be referenced by the same reference
signs.
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The basic configuration of this embodiment is the same as
in the first embodiment. In the fifth embodiment, the different
process of calculating a degree of instability when the learn-
ing situation is determined to be a learning-uncompleted situ-
ation is performed on the basis of the feature amounts (rela-
tive entropy) of two single distributions.

The system configuration of this embodiment is shown in
FIG. 13. As shown in FIG. 13, the outputs of the brake pedal
operation amount sensor and an obstacle detecting device are
input to the information providing unit 100 A in addition to the
outputs of the steering angle sensor 3 and the timer 50.

The process of the information providing unit 100A
according to this embodiment will be described below with
reference to the flowchart shown in FIG. 14.

First, in step S5010, the information providing unit 100A
acquires the following data as vehicle information data.

The information providing unit 100A acquires a steering
angle and a brake pedal operation amount as operation infor-
mation of a driver on the basis of the outputs from the steering
angle sensor 3 and the brake pedal operation amount sensor 2.

The information providing unit 100A acquires a vehicle
velocity of the vehicle, a longitudinal G, a transverse G, a
relative velocity to an obstacle ahead, and an inter-vehicle
distance as information of a vehicle state on the basis of the
outputs of the vehicle velocity sensor 4, the G sensor 8, and
the vehicle ahead detecting device 9.

In step S5030, the information providing unit 100 A deter-
mines a learning situation through the same process as in step
S1050.

In step S5040, the information providing unit 100A deter-
mines whether the learning situation is a learning completed
situation on the basis of the degree of learning SD through the
same process as in step S1040. When the learning situation is
determined to be a learning-completed situation, the process
progresses to step S5050. On the other hand, when the learn-
ing situation is determined to be a learning-uncompleted situ-
ation, the process progresses to steps S5080 and S5100.

Insteps S5050 and S5060, the same processes as in steps
S1050 and S1060 are performed. That is, in step S5050, the
difference value between the distributions is calculated. In
step S5060, the calculated difference value is compared with
a predetermined threshold value for determination and it is
determined whether the driving state is unstable.

In step S5070, the information providing unit 100A per-
forms an information presenting process when it is deter-
mined in step S5060 that the driving state is unstable.

On the other hand, in step S5080, the information provid-
ing unit 100A calculates a steering entropy value using the
steering angle. In step S5080, the absolute entropy value
(feature amount) as an instability value is calculated based on
a single traveling state distribution. Thereafter, the process
progresses to step S5090.

In step S5090, the information providing unit 100A per-
forms the same process as in step S2080 and reads the feature
amounts of general drivers stored in the storage unit. There-
after, the process progresses to step S5120.

In step S5100, the information providing unit 100A calcu-
lates the absolute entropy value (feature amount) as an insta-
bility value based on the magnitude of the TTC (Time To
Collision) at the time of braking. Thereafter, the process
progresses to step S5110. Here, the time to collision (TTC)
represents the time until colliding with an obstacle when the
vehicle travels while maintaining the traveling state at the
time of calculating the time to collision.

When the state of a driver is unstable, it is generally known
that the braking timing is delayed. Therefore, it is possible to
determine an unstable state by evaluating the braking timing.
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The braking timing is used after being normalized by using
statistical data of a general braking operation.

For example, when the number of braking operations is N,
it is assumed that TTC at the time of braking are defined as
TTC1, TTC2,.... When the average value of general braking
timing is defined as p and the standard deviation thereof is
defined as o, the normalized values Std of the braking opera-
tions can be expressed as follows.

Stdl = (u-TTC1) /o
Std2 = (u-TTC2) /o

Std3 = (u-TTC3) /o

Stdn = (¢ —TTCn) /o

The average Std (ZStdn (where n is a value of 1 to n)/N) is
used as a degree of instability.

In step S5110, the information providing unit 100A reads
an average value of TTC (a value set in advance in the storage
unit) which is generally allowable. This value is set to, for
example, a value between 2 and 3.

In step S5120, the information providing unit 100A deter-
mines that the driving state is unstable when any one of the
first single distribution instability using the feature amount
based on the processes of step S5080 and S5090 and the
second single distribution instability using the feature amount
based on the processes of steps S5100 and S5110 satisfies the
following conditional expressions. When the following con-
ditional expressions are satisfied, it is determined that the
driving state is unstable.

Degree of instability calculated in step S5080>general fea-
ture amount read in step S5090

Degree of instability calculated in step S5100>general fea-
ture amount read in step S5110

In steps S5080 and S5100 of this embodiment, cases where
the degree of instability is calculated based on the steering
entropy and the TTC at the time of braking are exemplified,
respectively. Instead, any of the driving operation of a driver
and a vehicle behavior index (in addition, a frequency distri-
bution of a transverse G and a longitudinal G due to the
driving operation may be used.

In step S5130, when it is determined in step S5120 that the
driving state is unstable, the information providing unit 100A
performs an information presenting process.

The other configurations are the same as in the first
embodiment.

Here, step S5010 constitutes the traveling state acquiring
unit. Step S5050 constitutes the first traveling state distribu-
tion calculating unit and the first driving instability determin-
ing unit. Step S5030 constitutes the learning terminal deter-
mining unit. Steps S5080 and S5120 constitute the second
driving instability determining unit. Step S5040 constitutes
the instability selecting unit. Steps S5070 and S5130 consti-
tute the information presenting unit.

(Operational Advantages)

In this embodiment, the degree of instability is determined
in consideration of other indices (such as the transverse G in
right or left turn) in addition to the steering entropy. That is,
two types of single traveling state distributions (which are
calculated from different indices, respectively) are used and it
is determined that the driving state is unstable when it is
determined that any one thereof is unstable.
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In this embodiment, the following advantages can be
obtained in addition to the advantages described in the first
embodiment.

(1) The another traveling state data used in the second
driving instability determining unit is plural types of traveling
state data. The second driving instability determining unit
estimates each of plural traveling state distributions based on
the plural types of traveling state data as comparative travel-
ing state distributions respectively. That is, the second driving
instability determining unit estimates the degree of driving
instability from the feature amounts of plural traveling state
distributions acquired from the plural types of traveling state
data.

By detecting the state of a driver from plural signals as well
as specific signals, it is possible to improve the detection
performance.

(2) The second driving instability determining unit esti-
mates the degree of driving instability using the time to col-
lision (TTC).

By using the time to collision, it is possible to accurately
detect a decelerating operation state.

Sixth Embodiment

A sixth embodiment will be described below with refer-
ence to the accompanying drawings. The same elements as in
the first embodiment will be referenced by the same reference
signs.

The basic configuration of this embodiment is the same as
in the first embodiment. In the sixth embodiment, the differ-
ent process of calculating a degree of instability when the
learning situation is determined to be a learning-uncompleted
situation is performed by calculating the feature amount of a
specific driving scene.

FIG. 15 is a diagram illustrating a system configuration
according to this embodiment. In this embodiment, intersec-
tion information is acquired through the use of a blinker
indicating signal or a navigation system so as to detect a
specific driving scene.

The process of the information providing unit 100A
according to this embodiment will be described below with
reference to the flowchart shown in FIG. 16.

In step S6010, the following data is acquired as vehicle
information data which is information on the driving opera-
tion ofa driver and a vehicle state due to the driving operation.

A steering angle, an accelerator pedal opening degree, a
brake pedal operation amount, and a blinker indicating signal
are acquired as the information on the driving operation of a
driver. The blinker indicating signal is used as information for
detecting a driving scene.

A vehicle velocity, a longitudinal G, and a transverse G are
detected as the vehicle state information.

In step S6030, the information providing unit 100A
acquires the intersection information as the traffic environ-
ment information through the navigation system 7.

In step S6030, the information providing unit 100 A deter-
mines a learning situation through the same process as step
$1030.

In step S6040, the information providing unit 100A deter-
mines whether the learning situation is a learning-completed
situation on the basis of the degree of learning SD through the
same process as in step S1040. When the learning situation is
determined to be a learning-completed situation, the process
progresses to step S6050. On the other hand, when the learn-
ing situation is determined to be a learning-uncompleted situ-
ation, the process progresses to step S6070.
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In step S6050, the information providing unit 100A calcu-
lates the difference value between the distributions through
the same process as step S1050. In step S6060, the unstable
driving state is determined on the basis of the difference value
through the same process as step S1060. Thereafter, the pro-
cess progresses to step S6100.

On the other hand, in step S6070, the information provid-
ing unit 100A determines a driving scene (traffic environ-
ment). A right or left turning scene at an intersection, a pre-
ceding vehicle approaching scene, and the like can be
considered as the driving scene, and the right or left turning
scene at an intersection is exemplified.

It can be determined whether the driving scene is the right
or left turning scene at an intersection, by using a method of
determining an intersection on a navigation map or a process
of determining an intersection on the basis of the blinker or
the vehicle behavior.

In step S6080, the information providing unit 100A calcu-
lates the feature amount. A method same as the process in step
S5100 of the fifth embodiment is used to calculate the feature
amount in step S6080. That is, the feature amount is calcu-
lated by applying the magnitude of the transverse G instead of
the braking operation to the process of step S5100.

In step S6090, the information providing unit 100A com-
pares the feature amount calculated in step S6080 with a
predetermined threshold value for determination and deter-
mines that the driving state is unstable when the feature
amount is larger than the threshold value for determination.

The threshold value for determination is changed depend-
ing on the detected driving scene. For example, when the
detected driving scene is a right or left turning scene at an
intersection, the threshold value for determination is set to be
lower than those of the other driving scenes.

In step S6100, similarly to step S1100, the information
presenting process is performed when it is determined in step
S6060 or S6090 that the driving state is unstable.

Here, the right or left turning scene at an intersection is
exemplified as the driving scene, but a preceding vehicle
approaching scene or the like may beused. In this case, in step
S6070, it is determined whether the vehicle approaches a
preceding vehicle. For example, when the distance to the
preceding vehicle is equal to or less than a predetermined
distance, it is determined that the driving scene is the preced-
ing vehicle approaching scene. In step S6080, the same pro-
cess as step S5100 is performed. In step S6090, the threshold
value for determination is set to be lower than those of the
other driving scenes when it is determined that the driving
scene is the preceding vehicle approaching scene.

Here, steps S6010 and S6020 constitute the traveling state
acquiring unit. Step S6050 constitutes the first traveling state
distribution calculating unit and the first driving instability
determining unit. Step S6030 constitutes the learning termi-
nal determining unit. Steps S6070 to S6090 constitute the
second driving instability determining unit. Step S6040 con-
stitutes the instability selecting unit. Step S6100 constitutes
the information presenting unit.

(Operational Advantages)

In this embodiment, the driving scene is determined, and
then, a feature amount in a specific driving scene is calcu-
lated. The unstable state is determined on the basis of the
feature amount in the specific driving scene (such as the right
or left turning scene at an intersection or the decelerating
scene relative to a preceding vehicle).

In this embodiment, the following advantages can be
obtained in addition to the advantages of the first embodi-
ment.
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(1) The second driving instability determining unit
includes a driving scene detecting unit that detects a specific
driving scene and estimates a degree of instability by calcu-
lating a feature amount on the basis of the driving operation
data of the specific driving scene detected by the driving scene
detecting unit.

By specifying the driving scene, it is possible to easily
grasp a small variation in driving operation appearing in the
unstable state.

(2) The right or left turning scene at an intersection is
detected as the specific driving scene, the feature amount is
calculated from the driving characteristic at that time, and the
degree of instability is estimated.

Itispossible to accurately detect a state of a driver using the
driving characteristics of the right or left turning scene at an
intersection.

(3) The driving characteristics in the right or left turning
scene employ the magnitude of the transverse G.

It is possible to accurately detect a behavior state at an
intersection using the transverse G.

(4) The preceding vehicle approaching scene is detected as
the specific driving scene, the feature amount is calculated
from the driving characteristic of the deceleration operation at
that time, and the degree of instability is estimated.

By detecting the decelerating operation characteristic of
the preceding vehicle approaching scene, it is possible to
accurately detect a state of a driver.

(5) The driving characteristics of the decelerating opera-
tion employ the magnitude of the TTC (time to collision) at
the time of braking.

By using the time to collision, it is possible to accurately
detect a state of a driver in the preceding vehicle approaching
scene.

Priority is claimed on Japanese Patent Application No.
2011-94343 (filed on Apr. 20, 2011), the content of which is
incorporated herein by reference in entirety.

While the present invention has been described with refer-
ence to the definite number of embodiments, the scope of the
present invention is not limited thereto and improvements and
modifications of the embodiments based on the above disclo-
sure are obvious to those skilled in the art.

REFERENCE SIGNS LIST

SD: degree of learning
TTC: time to collision
: accelerator pedal opening degree sensor
: brake pedal operation amount sensor
: steering angle sensor
: vehicle velocity sensor
: blinker detecting sensor
: meter display
: navigation system
: G sensor
: vehicle ahead detecting device
10: speaker
50: timer
100: controller
100A: information providing unit
The invention claimed is:
1. An information provision device for use in a vehicle
comprising:
a processor configured to:
acquire first traveling state data including at least one of a
driving operation of a driver and a vehicle state;
calculate a plurality of traveling state distributions includ-
ing a traveling state distribution of an immediately-pre-

O S0V R W =

10

15

20

25

30

35

40

45

50

55

60

65

22

vious time range indicating a current traveling state and
a traveling state distribution of a time range different
from the immediately-previous time range on the basis
of the first traveling state data;

estimate first driving instability on the basis of a difference

value between the calculated plurality of traveling state
distributions;

determine, as a learning completion determining result,

that learning is completed when a predetermined learn-
ing time elapses from start of collection of the first
traveling state data;

estimate second driving instability by comparing the trav-

eling state distribution of the immediately-previous time
range, which indicates the current traveling state and
which s calculated on the basis of the first traveling state
data, with a comparative traveling state distribution
acquired on the basis of another traveling state data
different from the first traveling state data of the imme-
diately-previous time range;

select the first driving instability when the learning is com-

pleted and selecting the second driving instability when
the learning is not completed, on the basis of the learning
completion determining result; and

control, when the first driving instability is selected, an

information presenting device to provide an output that
attracts more attention of the driver than attention of the
driver that is attracted by an output provided when the
second driving instability is selected,

wherein the another traveling state data is traveling state

data acquired in another time range different from the
immediately-previous time range, and

wherein the another time range is changed depending on a

degree of learning which is a ratio of the elapsed time
from the start of collection of the first traveling state data
up to now to the learning time and the another time range
is set to be larger with an increase in the degree of
learning.

2. The information provision device for use in the vehicle
according to claim 1, wherein the another traveling state data
are a plurality of types of traveling state data, and

wherein the processor is configured to calculate a plurality

of traveling state distributions as the comparative trav-
eling state distribution based on the plurality of types of
traveling state data.

3. The information provision device for use in the vehicle
according to claim 1, wherein the traveling state distribution
is calculated based on an operation amount of steering opera-
tion.

4. The information provision device for use in the vehicle
according to claim 3, wherein a steering entropy method is
used in calculation based on the operation amount of steering
operation.

5. The information provision device for use in the vehicle
according to claim 1, wherein the processor is configured to
estimate the second driving instability using a time to colli-
sion (TTC).

6. The information provision device for use in the vehicle
according to claim 1, wherein the processor is configured to
change the instability information to be presented depending
on whether or not the learning is completed.

7. The information provision device for use in the vehicle
according to claim 1, wherein the information presenting
device is an auditory information presenting device config-
ured to provide an audio output.
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